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APPENDIX 1 
FORMULAS FOR RESPONSE TO IMPACT DISTURBANCE 

NOTATION 

m is the mass, pounds divided by 386 Inches per second per second 
k  is the spring constant, pounds per inch 
P  is the applied force, or load, pounds 
P0 Is the maximum value of applied force 
p = P/Pn  Is the disturbance factor, or disturbance 
* is the displacement In Inches 
x( = P%/k  is the static displacement due to Pt 

u  =  */*0 is the response factor, or resDonse 
T  is the natural period In seconds 
/ = 1/T is the natural frequency in cycles per second 
K   = 2ir/ is the circular natural frequency In radians per second 
( is the time in seconds 
t0 is the time of rise of gradually applied load (see Figure 4) 
tt  is the duration of pulse 

u, it are the first and second derivatives of u with respect to time 
n is the dynamic load factor 
u  Is the circular frequency of cyclic part of disturbance In 

radians per second 
r = U/K  IS the frequency ratio 

4>  is the phase angle 
e,fi  are constants 

GENERAL EQUATIONS 
The system of Figure la acted upon by a force P gives rise to the 

following differential equation: 

mU{t) + kx(t)- Pit) [1] 

where x  is the acceleration.  In non-dimensional terms, this equation is 

*-*u(t) + u(n= pit) 12] 

where K2 = k/m. 
The differential equation is to be solved subject to the condition 

that the system starts from rest at zero time, that is, 

M(0)=- 0 and tt(0) =0 [3] 

A solution may be obtained In the form of a definite integral as 

follows: 
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It Is Interesting to compare the foregoing statements with some 

experimental findings of R. N. Arnold (9). His apparatus consisted of a 

simply supported beam subject to Impacts at mid length. Figure 27 consists 

of scratch photographs Indicating variation of bending moment along the beam. 

Though the horizontal scale In this figure Is not linear with time, the rec- 

ord does Indicate how the bending moment varies. These records 3hould be 

compared with the theoretical curves In Figure 23(c), and Figure 24(c). 

Curve S In Figure 27 corresponds to a/l  = 1/8 and curve A  to a/I  ='1/2. The 

author states that the Impact loads at the center of the bar (obtained by 

four Independent means) are In all cases 2.5 times those predicted by the as- 

sumption of statical equivalence. 
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